
Intermediate	  Silicon	  Tracker	  
Overview	

RIKEN/RBRC	  
Itaru	  Nakagawa	

1	



Quick	  Overview	  of	  	  
Intermediate	  Silicon	  Tracker	  (INTT)	

R	  [cm]	 #	  of	  Ladders	

MAPS	
2.3	
3.1	
3.9	

INTT	

6	 18	
8	 24	
10	 30	
12	 36	

TPC	 30	  ~	  80	

INTT	

TPC	

MAPS	

80cm	
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Total	  Number	  of	  Ladders=108	

Total	  10	  x	  2	  =	  20	  cells/ladder	

Si-‐Sensor	 HDI	



Project	  Scope	  (Role	  of	  INTT)	
1.  DCA	  measurements	  
•  Connect	  MAPS	  tracklets	  and	  TPC	  track	  
•  Reduce	  backgrounds	  in	  DCA	  

2.  Pile-‐up	  	  
•  Improve	  track	  finding	  efficiency	  in	  central	  Au-‐Au	  

3.  TPC	  Calibra[on	  
•  Iden[fy	  track	  posi[on	  for	  the	  space-‐[me	  calibra[on	  

of	  TPC	  
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Boundary	  condi[on:	  
•  Material	  budgets	  to	  be	  as	  smallest	  as	  possible.	  
•  Minimum	  technical	  risk	  to	  be	  in	  [me	  for	  day-‐1.	  



Technology	  Choice	
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Single	  sided	  silicon	  strip	  sensors	  
(Hamamatsu	  Co.)	

Challenge	  to	  develop	  thinner	  detector	  to	  reduce	  material	  budgets.	  	  
Standard	  320µm	  -‐>	  200µm?	  	



FPHX	  Chip	

FVTX	  Silicon	  Module	  for	  PHENIX	

FPHX	  Chip	
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•  Developed	  for	  FVTX	  and	  proven	  to	  
work	  well	  

•  Low	  power	  consump[on	



FPHX	  Power	  Consump[on	
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SpecificaBon	 FPHX	

ADC/channel	 3	  bits	

Power	  Consump[on	 64	  mW	  	

Cooling	 Air	  or	  Solid*	

Material	  Budget	  of	  PHENIX	  VTX	

Design and specifications are each subject to change without notice.  Ask factory for the current technical specifications before purchase and/or use.
Should a safety concern arise regarding this product, please be sure to contact us immediately.

“PGS” Graphite Sheets

Features

Recommended applications

● Excellent thermal conductivity : 700 to 1950 W/(m·K)
 (2 to 5 times as high as copper, 3 to 8 time as high as aluminum)
● Lightweight: Specifi c gravity : 0.85 to 2.13 g/cm3

 (1/4 to 1/10 of copper, 1/1.3 to 1/3 of aluminum in density)
● Flexible and easy to be cut or trimmed. (withstands repeated bending)
● Low thermal resistance
● Low heat resistance with fl exible Graphite sheet (SSM) 
● Low elasticity and easy to keep the product's shape after attaching (SSM) 
● Siloxane Free(SSM)
● High dielectric voltage : 17 kVac/mm (SSM)  
● RoHS compliant

● Smart phones, Mobile phones, DSC, DVC, Tablet PCs, PCs and peripherals, LED Devices
● Semiconductor manufacturing equipment (Sputtering, Dry etching, Steppers)
● Optical communications equipment

“PGS” Graphite Sheets

Type: EYG
“PGS (Pyrolyt ic Graphite Sheet)” is a thermal 
interface material which is very thin, synthetically 
made, has high thermal conductivity, and is made 
from a higly oriented graphite polymer f i lm. It 
is ideal for providing thermal management/heat-
sinking in limited spaces or to provide supplemental 
heat-sinking in addition to conventional means. 
This mater ia l  is  f lex ible and can be cut  into 
customizable shapes.
"SSM(Semi-Sealing Material)" is the product which is 
copounding PGS Graphite sheet and High thermal 
conductive Elastomer resin. It has a function to absorb 
heat by resin and release the heat by utilizing high 
thermal conductivity of PGS Graphite sheet. It also 
enables taking better attachment to the component 
which has different height on the electronic board,  
reducing stress to the electronic board. 
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Xrad	  [µm]	 Xrad/X0	  [%]	

100	  -‐	  500	 0.05	  –	  0.25	  	



Technical	  Challenge	

•  Thinner	  Silicon	  Sensor	  
–  Trade	  off	  of	  S/N	  ra[o	  

•  Air/Solid	  Coolings	  
	  

•  Adap[on	  of	  FVTX	  Electronics	  to	  INTT.	  
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PXL System Overview
10 sectors total
5 sectors / half 

4 ladders / sector
10 sensors / ladder

Mechanical support with kinematic 
mounts (insertion side)

Cantilevered support

Ladder with 10 MAPS sensors (~ 2×2 cm each)

carbon fiber sector tubes   
(~ 200 µm thick)

Highly parallel system

STAR PXL Cooling6

STAR	  HFT	



FVTX	  Detector	

FPHX	
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FVTX	  to	  Barrel	  Tracker	

Geometry	  needs	  to	  be	  changed,	  but	  electrical	  design	  could	  be	  the	  same.	  	 9	

Si-‐Sensor	 HDI	

Disk	 Barrel	

Trapezoid	 Rectangular	



FVTX	  System	

ROC	

Silicon	  Module	

ROC	

FEM-‐IB	

PC	
LV,	  HV	  
Units	

FEM	 DCM-‐II	

Slow	  Control	
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INTT	  System	

ROC	

Silicon	  Module	

ROC	

FEM-‐IB	

PC	
LV,	  HV	  
Units	

FEM	 DCM-‐II	

Slow	  Control	
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INTT	  System	

ROC	

Silicon	  Module	

ROC	

FEM-‐IB	

PC	
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HDI	  Design	

FVTX	

INTT	 Different	  Shape,	  but	  electrically	  same	  design.	

FVTX	 INTT	

#	  Layers	 7	 7	

Pitch	  [mm]	 40	 60	  -‐>	  ?	
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Collabora[ng	  Ins[tutes	  and	  Exper[se	  	
•  RIKEN	  (Y.	  Akiba,	  I.	  Nakagawa)	  

–  Conducted	  the	  PIXEL	  detector	  for	  PHENIX.	  In	  charge	  of	  design	  work	  and	  	  
procurements	  of	  silicon	  sensors	  and	  HDIs	  with	  Japanese	  companies.	  	  

•  RBRC	  (T.	  Hachiya,	  G.	  Mitsuka,Y.	  Yamaguchi)	  
–  Assembly	  and	  tes[ng	  silicon	  module.	  Physics	  simula[on	  and	  configura[on	  

op[miza[on.	  Adapt	  FVTX	  readout	  electronics.	  
•  BNL	  (J.	  Huang,	  M.	  Lenz,	  E.	  Mannel,	  R.	  Nouicer,	  R.	  Pisani)	  

–  Engineering	  and	  assembly	  of	  the	  ladder	  and	  support	  structures.	  
•  Rikkyo	  (H.	  Masuda)	  

–  FPGA	  coding	  in	  readout	  electronics	  and	  slow	  controls	  and	  tes[ng	  prototypes.	  	  
•  Nara	  Woman’s	  University	  (M.	  Shimomura)	  

–  Tes[ng	  prototypes	  and	  produc[ons.	  
•  LANL	  (M.	  Brooks,	  M.	  Liu)	  

–  Played	  leading	  role	  in	  FVTX	  detector	  development.	  Consultant	  for	  the	  
applica[on	  of	  FVTX	  	  	  electronics	  to	  INTT.	  

•  J-‐Parc	  (S.	  Hasegawa,	  H.	  Sako)	  
–  Addi[onal	  funding	  and	  co-‐development	  of	  silicon	  sensors.	  

*FVTX	  expert	 14	



R&D	  Schedule	  JFY2016	
2016 Month	 4	 5	 6	 7	 8	 9	 10	 11	 12	 1	 2	 3	 4	 Resource	 Design	

s1 Prototype-I	 Production	

 Silicon Sensor	 　	 RIKEN	 Test	

 HDI	 　	 　	 　	 RIKEN	

 Silicon Module	 　	 　	 　	 RBRC	

s0 Prototype-I	

 Silicon Sensor	 　	 　	 　	 RIKEN	

 HDI 	 　	 　	 　	 　	 　	 RIKEN	

 Silicon Module	 　	 　	 　	 　	 RBRC	

Today	
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Summary	

•  Intermediate	  tracker	  to	  improving	  the	  tracking	  
performance	  in	  high	  mul[plicity	  circumstance	  

•  Similar	  design	  to	  PHENIX	  FVTX	  detector.	  
•  Minimum	  technical	  challenge	  to	  be	  in	  [me	  for	  
day-‐1	  experiment.	  

•  Maximum	  use	  of	  exis[ng	  FVTX	  readouts	  to	  
reduce	  the	  cost.	  	
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BACKUP	  SLIDES	
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s0	  Sensor	  Design	
Ｓ０用センサー

128 ストリップ
ストリップ幅 84um
ストリップ長 12mm
ブロックの幅 128 x 84 = 10,752um
ブロックの長 12mm

１センサーに上記のブロックが
２ｘ１０ある。
アクティブ領域は21.504mm x 120 mm
各ブロックは上下の読出しパッドでよまれる
各読出しパッドのブロックは１２８ｃｈで
前回試作したＳ１センサーと同じにする。

このセンサー４枚を１枚のウエハーから切り出せるようにしたい。可能でしょうか？
もし無理なら、84umのストリップ幅を少し細くすることで、４枚取れるようにしたい。

厚みは320 um または 240 um または 200 um. 

Ｓ０用センサー
128 ストリップ
ストリップ幅 84um
ストリップ長 12mm
ブロックの幅 128 x 84 = 10,752um
ブロックの長 12mm

１センサーに上記のブロックが
２ｘ１０ある。
アクティブ領域は21.504mm x 120 mm
各ブロックは上下の読出しパッドでよまれる
各読出しパッドのブロックは１２８ｃｈで
前回試作したＳ１センサーと同じにする。

このセンサー４枚を１枚のウエハーから切り出せるようにしたい。可能でしょうか？
もし無理なら、84umのストリップ幅を少し細くすることで、４枚取れるようにしたい。

厚みは320 um または 240 um または 200 um. 

Number	  of	  Strips	 128	

Strip	  	  width	 84	  	  um	

Strip	  length	 12	  mm	

Block	  Width	 128	  ×	  84	  um	  =	  10.752	  mm	

Block	  Length	 12	  mmm	

Number	  of	  Blocks	 12	  ×	  2	  =24	

Ac[ve	  Are	 (2	  ×	  10.752)	  mm	  	  ×	  (12	  ×	  10)	  mm	

Silicon	  Cell	  	

Silicon	  Sensor	  	
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Design	  by	  Yasuyuki	  Akiba	



Managements	

•  Project	  manager	  (Itaru	  Nakagawa)	  
•  deputy	  manager	  (Rachid	  Nouicer)	  
•  Subsystem	  managers	  
– Detector	  assembly	  and	  construc[on	  (Rachid	  Nouicer)	  
– Mechanical	  and	  integra[on	  (Rob	  Pisani)	  
– Electronics	  and	  readouts	  (Eric	  Mannel	  and	  Takashi	  
Hachiya)	  

– Sotware	  (Gaku	  Mitsuka)	  
– LV	  +	  HV	  and	  Slow	  control	  (Yorito	  Yamaguchi)	  	  
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Outline	

•  Role	  of	  the	  intermediate	  tracker	  (INTT)	  
•  INTT	  concept	  
– Configura[on	  
– Technology	  
– Cost	
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Technological	  Choice	

Double	  sided	  sensor	  
SVX4	  chip	

Single	  sided	  sensor	  
FPHX	  chip	Te

ch
ni
ca
l	  R
IS
K	
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LOW	

HIGH	



Collabora[on	

•  RIKEN	  (Y.	  Akiba,	  I.	  Nakagawa)	  
•  RBRC	  (T.	  Hachiya,	  G.	  Mitsuka,Y.	  Yamaguchi)	  
•  BNL	  (J.	  Huang,	  M.	  Lenz,	  E.	  Mannel,	  R.	  Nouicer,	  R.	  
Pisani)	  

•  Rikkyo	  (H.	  Masuda,	  Kazu	  Kurita?)	  
•  Nara	  woman’s	  university	  (M.	  Shimomura)	  
•  LANL	  (M.	  Brooks,	  M.	  Liu)	  
•  New	  Mexico	  (D.	  Field*)	  
•  J-‐Parc	  (S.	  Hasegawa,	  H.	  Sako)	  
•  Tsukuba	  (S.	  Esumi)	  
*FVTX	  expert	
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Basic	  Project	  Philosophy	
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Basic	  Design	  Philosophy	
Technology	
•  Employ	  exis[ng	  technology	  	
•  Employ	  technology	  we	  are	  familiar	  with	

Man	  Power	
• Collaborate	  with	  Ins[tutes	  which	  have	  the	  
experience	  and	  infrastructure	

Minimum	  Cost	
•  Lixle	  “R”	  and	  rather	  focus	  on	  “D”	
• As	  compact	  as	  possible	

Schedule	
•  To	  be	  in	  Bme	  for	  2022	
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